Introduction
Tropical South America is characterized by strong annual variation of rainfall with heavy rainfall in austral summer and scanty rainfall in austral winter. This annual variation in rainfall is linked to the annual variation of atmospheric circulation over South America. The limited number of rawinsonde stations prevented a good description of circulation characteristics. Some studies have, nevertheless, been made describing monthly and seasonal features. On the basis of data collected in the late 1960s, Kreuels et al. [1975] examined the circulation patterns over South America in summer and winter. Virji [1981] deduced the summertime circulation patterns from cloud motion vectors. However, his study was based on only 3 years (1975) (1976) (1977) of data.
Chu [1985] used radio/rawinsonde data for the period 1970-1974 to study the atmospheric circulation characteristics over tropical South America. Although he used an objective analysis method to obtain interpolated data at regular grid points, his basic data were rawinsonde data only. In the present study we used objectively analyzed European Centre for MediumRange Weather Forecasts (ECMWF) data which contain satellite estimates of wind and temperature in addition to radio/ rawinsonde data. Further, these data are dynamically consistent [Bengtsson et al., 1982] , unlike the data taken directly from radio/rawinsonde observations. Nishizawa and Tanaka [1983] related the annual cycle of circulation over tropical South America to that of rainfall. Their database consisted of upper air soundings for a 10-year period (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) together with monthly averages of rainfall. They presented a climatology of annual cycle in terms of a series of monthly maps. Although they inferred the role of atmospheric circulation in the transport of water vapor, they did not make an explicit calculation of water vapor transport to confirm their conjectures.
The above mentioned studies brought out the characteristics of summer circulation over South America. The principal features are a closed anticyclone over Bolivia known as Bolivian High and a downstream trough located to the east of it.
In a recent study, Hotel et al. [1989] 
Data Sources and Method of Analysis
To depict the annual variation of rainfall over Brazil, we used the same network of rain gauge stations as in a previous study [Rao and Hada, 1990] . Figure 1 of Rao and Hada [1990] gives the station location. As in the previous study we used the rainfall data for the period 1958 through 1978. We also used the surface dew point temperature data for Brasilia (15ø51'S, 47ø56'W) and Manaus (3ø8'S, 60øl'W). These data were provided by the Departamento Nacional de Meteorologia of Brazil. To discuss the atmospheric circulation over South America, we used the ECMWF data for the period 1985 through 1989 at 1200 UTC. The specific humidity q values are obtained using the relative humidity rh of the ECMWF data and the saturated vapor pressure es calculated from the Clausius-Clapcyron equation.
The ECMWF analyses have undergone significant changes. Of greatest impact upon the tropical circulation are the introduction of diabatic linear normal mode initialization in September 1982 and implementation of a diurnal cycle of radiation in 1984. Thus the data we used here for the 5-year period, 1985-1989, are considered to be better than the data of earlier years. For further information see Trenberth and Olson [1988] . The ECMWF data are archived upon a 2.5 ø x 2.5 ø grid. Data at seven levels (1000, 850, 700, 500, 300, 200, and 10 hPa) and of five variables (height, temperature, relative humidity, horizontal wind, and vertical motion) are available.
Precipitable water PW is calculated using q values. ew = -q dp Before starting to discuss the results, some comments about the possible errors are in order. The derived water vapor flux, particularly its divergence, may be compromised by error in the original data and truncation error in the finite difference scheme (to calculate the divergence). Discussion of errors by Ward [1980] and using the probable errors in the direction and speed of the wind furnished by Kurihara [1961] , Marques et al. [1983] found that the errors in the calculation of divergence (in their case normal velocity) were small (around 13% at surface, 900-and 800-hPa levels) below the 400-hPa level. Details of error analysis were given by Marques [1981] . Since water vapor is concentrated below the 400-hPa level, calculation of water vapor flux divergence might be reasonably reliable.
Results
In this section we present results concerning the annual variation of rainfall over Brazil and atmospheric circulation over South America. We start with the discussion of seasonal distribution of rainfall in relation to the annual rainfall. In SON the percentage contribution is around 25% or more. During the 6-month austral summer period of SON and DJF the percentage contribution to the annual rainfall is 70% or more. Thus during the remaining 6-month winter period the rainfall is 30% or less of the annual total. This region has an annual rainfall distribution such that summer is rainy and the winter is dry. As will be seen later, the change from winter to summer happens through a sudden change in the atmospheric humidity characteristics.
To the northwest of this region the rainfall again is uniformly distributed throughout the year. As will be seen later, this region, represented by the Manaus station, is characterized by uniformly high humidity without much seasonal variation.
In the northern parts of northeast ( Figure 5 shows the distribution of isotherms (in kelvins) at 850 mbar for January, April, July, and October. As can be expected, seasonal temperature variations are small over northern parts of South America, except for a slight decrease of temperature in austral winter, July. Seasonal temperature variations are stronger over southern parts of South America, and we can note stronger meridional temperature gradients in winter (note the differences in the contour intervals in Figures  5a, 5b, 5c, and 5d) .
Atmospheric Circulation Over South America
at 200 mbar Figure 6 shows the streamlines and isotachs over South America at the 200-mbar level for January, April, July, and October. In the beginning of the year (January) we can clearly see the anticyclone over Bolivia (Bolivian High) and a trough over NE Brazil. These are well known features of the summer circulation and were discussed by Virji [1981] . As the season advances, the flow becomes mostly zonal over much of South America. In October the anticyclone over Bolivia and the trough over NE Brazil begin to develop. Figure 7 shows the distribution of temperature (in kelvins) at 200 mbar for January, April, July, and October. Again, temperature variations are stronger in the southern latitudes. In January, temperature is lowest in the subtropics and increases both poleward and equatorward. Similar characteristics are found in April. In July, temperature decreases from the subtropics toward higher latitudes. Similar characteristics are found in October. These are some of the well-known features of the upper atmosphere in middle and higher latitudes. 
Water Vapor Characteristics

Summary and Concluding Remarks
The annual variation of rainfall over Brazil is discussed.
There is a large region in central Brazil which is characterized by summer rainfall. During the 6-month period of SONDJF this region receives 70% or more of the annual rainfall. An examination of the yearly variation of dew points at the surface over Brasilia showed that the transition from dry winter conditions to a more humid atmosphere with frequent rainfall happens rather abruptly around the end of September.
Water vapor characteristics over South America were obtained using 5 years (1985) (1986) (1987) (1988) (1989) of ECMWF data. A careful examination of precipitable water over South America showed broad agreement with previous studies thereby giving confidence to the present calculations. An interesting feature of the summer (January) is the maximum in precipitable water along the South Atlantic Convergence Zone. Large differences are also noted in the wind field from winter to summer, mainly at higher levels.
An analysis of vertically integrated water vapor transport and its divergence during the four seasons shows that the increase of humidity over Brasilia starting from October noted earlier is due to the incursion of moisture from the Amazon basin. The total vertically integrated water vapor transport is
